abstract BACKGROUND: When parents of newborns are presented with the hypothetical possibility of obtaining genomic sequencing (GS) for their newborn infants immediately after birth, they express substantial interest. This study examined associations between expressed interest in GS and demographic and psychosocial variables some months after birth.
Clinical genomic sequencing (GS) is becoming more widespread as sequencing costs decrease and there are increasing indications for healthrelated genomic information. 1, 2 GS is frequently mentioned as a technology that may eventually be incorporated into the care of healthy individuals, perhaps someday as part of newborn screening. 3 We previously reported that when parents of newborns were presented with the hypothetical possibility of GS for their newborns immediately after birth, 82% reported being at least somewhat interested. 4 Here, we report an extension of this study in which parents of newborns were queried about their interest in GS for their infants some months after birth, and we examined the association between interest in GS and a number of demographic and psychosocial variables.
MeThODs
Parents from our previous study on interest in GS immediately after the birth of a new infant were recontacted for this follow-up survey. 4 These parents were originally enrolled within 48 hours of birth of a healthy newborn while at the well-baby newborn nursery at Brigham and Women's Hospital. A total of 663 of 1096 (60.5%) of these parents who enrolled in this study were surveyed 3 to 28 months after discharge from the well-baby nursery and asked on a 5-point scale if they were "not interested," "a little interested," "somewhat interested," "very interested," or "extremely interested" in GS for their infant. Parents were also asked a series of questions about their infant's health during pregnancy and the perinatal period as follows: "Were any of the following health problems present during the pregnancy or during labor and delivery? (please select all that apply): (a) problem found on ultrasound, (b) condition Parents who receive scores above the 90th percentile on the Total PSI are considered to be experiencing clinically significant parenting stress. 5, 6 Two-sample t tests (2-tailed with α set at 0.05) were used to assess differences between mothers and fathers and between those who were rated as not interested versus interested in GS (defined as "not at all" or "only a little" interested versus "somewhat," "very," or "extremely" interested). Multivariate logistic regression was used to identify factors associated with interest in GS of newborns and included the following independent variables: age, gender, race (white versus other), ethnicity (Hispanic/Latino versus other) marital status (married versus other), education (some graduate school or higher), whether it was the parent's first biological child, child-related anxiety ("My baby makes me anxious"), having at least 1 health concern on the questions stated previously, and total stress (a continuous measure in which 1 unit represents 10 PSI points).
The Partners Healthcare Human Research Committee approved the development and administration of this protocol. All participants provided informed consent. Table 1 describes the sample and presents descriptive results from the survey. The sample included 445 mothers and 218 fathers. Among mothers, 85% were married, whereas 93% of fathers were married (P < .01). Participants were, on average, in their early 30s and in the upper middle class. They were generally well educated, with half reporting some graduate education or higher. Fifteen percent reported a family history of genetic disease. For 53% of fathers and 50% of mothers, this was their first biological child (P < .05). Compared with mothers, fathers were, on average, 2 years older (P < .001), and a lower percentage were identified as black/African American (P < .05).
ResulTs
Thirty-seven percent of mothers and 34% of fathers reported having received worrisome prenatal or perinatal information about their infant's health as defined above (see Table 1 , Fig 1) . For example, 73 parents (11.0%) reported that information from prenatal ultrasound examinations raised concerns, including such findings as "fluid on the kidney" or "intracardiac focus." Worrisome results from prenatal blood tests were reported by 13 parents (2.0%), most frequently tests suggesting a risk of Down syndrome. Amniocentesis/chorionic villus sampling-related health concerns were reported by 6 parents (1.0%) and included "cholestasis of pregnancy." Labor problems, noted by 53 parents (8.0%), were primarily reported as "failure to progress/dilate" or "cord around the neck." Problems with delivery were reported by 70 parents (10.6%) and were most commonly noted as "meconium in the amniotic fluid" or "baby's heart rate dropped." Neonatal concerns reported by 20 parents (3.0%) included fever in their newborn, small size, and jaundice. Fifty-nine parents (8.9%) reported maternal health concerns that potentially placed the fetus at risk. Gestational diabetes was the most common of these health concerns.
Mean scores on the Total PSI were well within the normal range for the general population. For mothers and fathers, 8.9% and 9.2%, respectively, received a Total PSI score above the 85th percentile, and overall only 3.5% (n = 23) received scores above the 90th percentile. In terms of the PSI subscales, 14.3% of parents received scores above the 85th percentile on the Parental Distress subscale. Only 7.4% of parents received scores in this range on the Parent-Child Dysfunctional Interaction index and 7.1% of parents received scores above the 85th percentile on the Difficult Child subscale. With regard to anxiety, ∼20% of mothers and fathers reported "agreeing" or "strongly agreeing" with the statement, "My baby makes me anxious."
Mothers and fathers were equally interested in GS (Fig 2) . Only 63 parents (9.5%) indicated that they had "no interest" and 13.1% expressed only "a little interest" in GS, whereas 33.5% of parents indicated that they were "somewhat interested," 26.4% were "very interested," and 16.2% were "extremely interested" in GS.
As noted in Table 2 , t tests revealed no differences between parents expressing at least some interest in GS versus parents having little or no interest in GS on the basis of whether the parents received worrisome health information derived from prenatal ultrasound, blood tests, amniocentesis, or chorionic villus sampling. However, parents who For comparisons between mothers and fathers: *P ≤ .05, **P ≤ .01, ***P ≤ .001. a Scale of 1-5, where low scores indicate higher social status. b Cutoff scores indicating "abnormal" levels of stress are as follows: Parental Distress, >30; Parent-Child Dysfunctional Interaction, >25; Difficult Child, >32; Total PSI, >85. c >2 refers to responses indicating "Quite Often", "Very Often" or "Always"
FIGuRe 1
Concerns arising from conventional screening or clinical issues (N = 662). CVS, chorionic villus sampling. [medium] reported problems during delivery or maternal health issues that potentially placed the child at risk were more likely to express interest in GS (defined as "somewhat," very," or "extremely" interested).
As shown in Table 3 
DIscussIOn
This study examined factors associated with parents' reports of interest in GS for their newborn some months after they were discharged from the well-baby nursery. We found that 3 to 28 months after the birth of a newborn, 76% of parents were at least somewhat interested in GS. Demographic factors were not associated with level of interest in GS, and fathers and mothers responded similarly overall. Total PSI score was associated with greater interest in GS and there was a trend toward greater interest among parents who had experienced any worrisome health concerns in the prenatal or perinatal periods. The generalizability of our study is limited by the demographic characteristics of the population who agreed to the survey, because these parents were predominantly white, young, well-educated, and upper middle class.
FIGuRe 2
Percentage of parents interested in GS.
[medium] a "Interested" was defined as "somewhat," "very," or "extremely" interested. b "Not interested" defined as "not at all" or "only a little" interested. Our results suggest that the high interest in GS among parents in the first 48 hours after birth that we previously documented 4 is largely maintained among parents when they are home and during the first 2 years of their infants' lives. Our findings are also consistent with those of others. For example, Goldenberg et al 7 surveyed a randomly selected sample of 1539 parents of children up to 18 years of age and reported high levels of hypothetical interest in GS for newborns, with 74% responding that they were at least somewhat interested. In a companion study, Dodson et al 8 reported that parents whose youngest child had ≥2 health conditions were significantly more likely to be interested in GS for their child. Our findings support the idea that parents of newborns who report health concerns may be particularly interested in GS beyond the immediate postpartum period.
In our previous survey from parents in the immediate postnatal period, we reported an association between worrisome health information and less interest in GS for their newborn infants. 4 Our survey of parents 3 to 28 months after birth suggests a trend in the opposite direction. Our data do not allow us to comment on the specific motivations of the parents, but screening actions are generally taken to prevent adverse health outcomes or seek reassurance. Individuals seeking reassurance but who perceive themselves to be at risk tend to reject screening. 9 In our case, parents who had received worrisome health information in the prenatal/ perinatal period but whose infants had subsequently developed in good health might no longer be concerned about discovering a negative outcome, and therefore may have been more interested in GS.
With the steady increase in prenatal screening of all types, parents will continue to receive concerning information about their unborn infant. 10, 11 Stress levels may also increase in the neonatal period due to the expansion of conventional newborn screening, with its concomitant increase in falsepositive identifications and findings of uncertain significance. [12] [13] [14] [15] Our results suggest that parental stress and worrisome prenatal/perinatal experiences will influence parental interest in GS when it is offered. Additional research on factors motivating parents to accept or reject GS will clarify how and when parents should be approached.
Although these data were generated from a hypothetical survey, we are now engaged in assessing whether interest in GS will be similar when parents of newborns are presented with the real option of having their infant's genome sequenced. The ongoing National Institutes of Health-funded BabySeq Project (http:// www. genomes2people. org/ babyseqproject) is exploring the interest and outcomes of sequencing newborns. Information derived from these studies will influence newborn screening policies and programs that may include GS in the future.
